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Description 
Reaction Arrangement for Brake Booster 

Background of Invention 

[0001] This invention relates to a reaction arrangement for use in 
a brake booster to selectively communicate a first reaction 
force to balance a manual input force or a second reaction 
force to balance an electromagnetic input force to effect a 
brake application. 

[0002] Vacuum brake boosters having a manual mode of opera- 
tion and an electronic mode of operation are known in the 
prior art as evidenced by structure disclosed in U.S. 
Patents 4,778,225; 5,096,267; 5,176,433 and 5,312,173 
relating to the addition of traction control to a brake sys- 
tem and U.S. Patents 5,226,173; 5,845,558; 5,772,290 
and 6,065,388 relating to emergency braking features for 
a brake system. The structure in such brake systems 
functioned in an adequate manner for a purposed purpose 
at the time of such inventions however with the introduc- 
tion of sway control features to a brake system such brake 
systems did not operate in a manner to provide for ac- 



ceptable control of a brake system by an operator. For in- 
stance in some of tlie bral<e boosters liaving an emer- 
gency braking features, once an emergency brake appli- 
cation was initiated, the operator was prevented from in- 
tervening in the brake application unless the input force 
that initiated the emergency brake application was re- 
moved from a brake pedal. In U.S. Patents 5,556,173 and 
6,375,282 specific software and a switch activated by a 
brake light switch are disclosed to terminate an automatic 
braking. The shift in control of the operation of a brake 
booster is enhanced by the structure disclosed in U.S. 
Patent Application 10/645,206 filed August 21, 2003 
wherein an immediate transfer from an electronic actua- 
tion of a control valve to a manual actuation occurs so 
that the operation of the brake booster is under the con- 
trol of an operator. While this brake booster functions in 
an adequate manner, the force required to initiate and 
sustain a brake application in response to a manual mode 
and an electronic mode is substantially the same and as a 
result, the size of an electromagnet member required to 
sustain an input force sufficient to oppose a reaction force 
corresponding to a desired brake application is relative 
large as compared to a size needed to activate a control 



valve. 
Summary of Invention 

[0003] A primary object of the present invention is to provide a 
bral<e booster witli a reaction arrangement wliereby a first 
reaction force corresponding to a manual force applied to 
a brake pedal is utilized in effecting a first brake applica- 
tion and a second reaction force corresponding an input 
from an electromagnetic member under the control of an 
electronic control unit is utilized to effect a second brake 
application such that the first and second braking appli- 
cations have similar output forces. 

[0004] According to this invention, a brake booster has a housing 
with an interior that is separated into a front chamber and 
a rear chamber by a wall arrangement. The wall arrange- 
ment has a hub with a first end located in the front cham- 
ber and a cylindrical body that extends through the rear 
chamber and into the surrounding environment. A cylin- 
drical body has axial bore therein for retaining a control 
valve that controls communication of a first fluid (vacuum) 
between the front chamber and rear chamber in a first 
mode of operation and controls communication of a sec- 
ond fluid (atmospheric air) between the rear chamber and 
the surrounding environment in a second mode of opera- 



tion. In the second mode of operation, a pressure differ- 
ential that is created across the wall arrangement devel- 
ops an output force that is communicated through an 
output member that acts on pistons in a master cylinder 
to product operational fluid pressure to effect a brake ap- 
plication. The control valve is selectively actuated from the 
first mode of operation to the second mode of operation 
in response to a first input force applied to a brake pedal 
or in response to a second input force developed by an 
electromagnetic member under the control of an elec- 
tronic control unit. The output member encountering re- 
sistance to the movement of the pistons in the master 
cylinder during a brake application that is communicated 
through a reaction arrangement as a reaction force to bal- 
ance the first and second input forces. The reaction ar- 
rangement is characterized by a disc member that is lo- 
cated between first end of the hub and the output mem- 
ber to receive the reaction force. A first shaft is connected 
to the disc member and communicates the reaction force 
to balance a first input force applied to a brake pedal and 
supplied by the first input member to activate the control 
valve. A second shaft is connected to the disc member 
and communicates the reaction force to balance a second 



input force supplied by tlie electromagnetic member to 
activate the control valve. A resulting output force from 
both the first input member and electromagnetic member 
results in first and second braking applications that have 
similar stopping profiles. 

[0005] An advantage of this invention resides in a brake booster 
having the capability of responding to a manual input 
force and an electromagnetic input force wherein stopping 
profile during a brake application are similar. 

[0006] A further advantage of this invention resides a brake 

booster having a reaction arrangement with independent 

means for communicating a reaction force to a manual 

actuation member and an electromagnetic member such 

that a similar braking profile make be achieve to effect a 

brake application. 
Brief Description of Drawings 

[0007] Figure 1 is schematic illustration of a brake system having 
a vacuum brake booster with a reaction arrangement ac- 
cording to the teachings of the present invention; 

[0008] Figure 2 is an enlarged sectional view of the reaction ar- 
rangement of Figure 1; 

[0009] Figure 3 is a sectional view taken along lines 3-3 of Figure 
2; 



[0010] Figure 4 is an enlarged sectional view of reaction arrange- 
ment for the brake booster in a power assist mode of op- 
eration corresponding to a manual input; 

[0011] Figure 5 is an enlarged sectional view of the reaction ar- 
rangement for the brake booster in an automatic mode of 
operation under the control of an Electronic Control Unit; 
and 

[0012] Figure 6 is graph showing a braking profile of the output 
of the brake booster in a power assist mode in response 
to a manual input and an automatic mode under the con- 
trol of the Electronic Control Unit. 
Detailed Description 

[0013] In this application identical components may be identified 
by a same number plus ' located at more than one loca- 
tion within a component. 

[0014] The brake system 10 as shown in Figure 1 includes a vac- 
uum brake booster 12, made according to the present in- 
vention, for supplying a master cylinder 13 with an opera- 
tional force to pressurize fluid that is supplied to a first 
set of wheel brakes 14,14" by a first conduit 16 and to a 
second set of wheel brakes 18,18" by a second conduit 20 
to effect a brake application. Vacuum brake booster 12 is 
similar to a type of brake booster disclosed in U.S. Patent 



Application 10/645,206 filed August 21, 2003, in that a 
manual force applied is through a brake pedal 28 to move 
an input rod assembly 30 that is connected operated con- 
trol valve 100 and to develop an operational force for ef- 
fecting a first brake application or an electromagnetic 
force that is generated through a solenoid 200 that is ac- 
tuated in response to a signal received from an electronic 
control member (ECU) 40 to operate the control valve 100 
and independently effect a second brake application but 
differs in a manner in which a reaction force is communi- 
cated through a reaction arrangement 400 to balance the 
manual force and electromagnetic force to achieve a de- 
sired brake profile during a brake application. 
[0015] The second brake application is exclusively under the 

control of the ECU 40 and uses structure associated with a 
wheel lock assembly in the brake system 10 to selectively 
provide individual wheel brakes with pressurized fluid 
from master cylinder 13 to achieve a desired brake appli- 
cation. The wheel lock assembly is designed to attenuate 
the rotation of a wheel when rolling on a surface and de- 
celerating from a first speed to a second speed when a 
wheel lock may occur during a brake application and also 
to provide for traction control and sway control features in 



the brake system 10. 

[0016] The wheel lock assembly as illustrated in Figure 1 includes 
among other components: an electric motor pump 42; 
and a build solenoid valve 15, a decay solenoid valve 17, 
and a wheel speed sensor 19 for each wheel in the first 
set of wheel brakes 14,14" and in the second set of wheel 
brakes 18,18". The wheel speed sensor 19 for each wheel 
provide the electronic control unit (ECU) 40 with input 
signals relating to current information or data of the func- 
tional operational of the vehicle. The ECU 40 also receives 
and evaluates other signals relating to the current opera- 
tion of the vehicle including but not limited to: the opera- 
tion of the motor pump 42; the pressure of the pressur- 
ized supply fluid; dynamic forces experienced by the vehi- 
cle; accumulator fluid supply pressure; the level of fluid in 
a reservoir; deceleration and deceleration forces and other 
inputs that relate to the operation of the vehicle that may 
effect the safe operation of a vehicle. 

[0017] The vacuum brake booster 12 includes a housing that is 
formed by joining a front shell 25 to a rear shell 27 
through a locking arrangement 29. A partition arrange- 
ment 21 similar to a type disclosed in U.S. Patent 
3,897,718, is located in the housing and connected to a 



hub 50 while movable walls 22 and 24 separate the inte- 
rior of the housing into front 26,26" and rear 28,28" 
chambers. The movable walls 22 and 24 each have a cor- 
respondingly diaphragm and backing plate assembly 
23,23" that are fixed to the peripheral surface 52 of hub 
50. The hub 50 has a cylindrical body 54 with a stepped 
axial bore 55 therein that extends from a first end 56 lo- 
cated in the front chamber 26 to a second end 58 which 
passes through the rear shell 16 and is located in a sur- 
rounding environment. Hub 50 has a first series of pas- 
sageways 60,60" through which the front chambers 
26,26" are permanently connected to each other upstream 
of a vacuum seat 62 and a second series of passageways 
61,61" through which the rear chambers 28,28" are selec- 
tively connected to each other downstream of the vacuum 
seat 62 located in the cylindrical body 54 on movement of 
the control valve 100 by either a manual input from brake 
pedal 28 hereinafter defined as a first input member or 
automatically by an electromagnetic force produced by 
solenoid 200 hereinafter defined as a second input mem- 
ber 600. 

[0018] When the control valve assembly 100 is under the control 
of the ECU, switch means 202 retained in hub 50 provides 



the ECU 40 with an initial first signal confirming the de- 
velopment of a second brake application. Should an oper- 
ator later desire to effect a first brake application, switch 
means 202 provides the ECU 40 with a second signal on 
movement of the control valve assembly 100 by first input 
member 30 and the electrical input to the solenoid 200 is 
terminated such that the operation of the vacuum brake 
booster 12 under the control of the operator and is re- 
sponsive to a manual input applied to the first input 
member 30. 

[0019] In more detail, the control valve assembly 100 is defined 
by a cylindrical member 501 that functions as a poppet 
and is sealingly located in the axial bore 55 of cylindrical 
body 54 of hub 50. The cylindrical member 501 has an 
annular face 502 on a first end 504 with a portion thereof 
that functions as an atmospheric seat 506 and first 508 
and second 510 flexible radial lips that extend from a 
second end 512.A retainer 514 that is fixed to the end 58 
of the cylindrical body 54 of hub 50 has a body 515 with a 
first annular cylindrical surface 516 that is separated from 
a concentric second annular cylindrical surface 518 by a 
shoulder 520. The first lip 508 on cylindrical member 502 
sealingly engages cylindrical surface 516 and the second 



lip 510 on the cylindrical member 502 sealingly engages 
cylindrical surface 518 on retainer 514 to hold face 502 in 
a perpendicular alignment with the axial bore 55 of hub 
54. 

[0020] A first spring 522 is located in axial bore 55 between a 
shoulder on retainer 514 and cylindrical member 501 to 
urge the annular face 502 thereon toward a seat 62 asso- 
ciated with passage 60 in hub 50 through which chamber 
26 is connected to chamber 28 by way of axial bore 55. 

[0021] A first plunger 532 that includes a first shaft 534 and a 
second shaft 550 is located in the axial bore 55 of cylin- 
drical body 54 of hub 50. The first shaft 534 has a first 
land or diameter 536 adjacent a first end 538, a second 
land or diameter 540 adjacent a second end 542 and a 
third land or diameter 544 that is located between the 
first land 536 and third land 544 to define a groove 546. 
End 538 of the first shaft 534 has a bore 547 for receiving 
a head 31 on a push rod 33 of the first input member 30 
while end 542 has a flat surface for engaging the second 
shaft 550. The second shaft 550 has as first end 552 and 
a second end 556 with a peripheral surface having a first 
diameter 558 separated from a second diameter 560 by a 
shoulder 561. The second diameter 560 engages a bear- 



ing surface 59 in hub 50 to hold the second end 556 in 
alignment with reaction disc 224 and output rod 422 con- 
nected to master cylinder 13 and the first end 552 in axial 
alignment with the second end 542 on the first shaft 534. 
[0022] A second cylindrical member 562 that includes a stepped 
bore 564 that extends from a first end 566 to a second 
end 572 is located in axial bore 55 of cylindrical body hub 
54 of hub 50. The first end 566 has a tapered face 568 
thereon to define an atmospheric or second seat 570 
while a second end 572 has a lip 574 thereon. The cylin- 
drical member 562 further includes a radial slot 576 that 
is located between a first shoulder 578 and a second 
shoulder 580, the radial slot 576 has a linear length the 
larger than a radial slot 49 in the cylindrical body 54 of 
hub 50 plus a length defined by a lap gap for the control 
valve assembly 100 and an internal rib 582 located in the 
stepped bore 564 adjacent the second end 572 that func- 
tions as an abutment surface for shoulder 539 on the first 
plunger 532 through which the first input force is applied 
to move the second cylindrical member 562. The first 536 
and third 544 diameters of the first shaft 534 engage the 
stepped bore 564 and as a result the plunger 532 is 
maintained in axial alignment with in axial bore 55 of the 



cylindrical body 54 of hub 50. 
[0023] A second spring 586 has an end that engages surface or 
shoulder 47 in axial bore 55 and an end that engages 
shoulder 578 on the second cylindrical member 562 for 
urging the first end 566 and associated tapered atmo- 
spheric seat 570 of the second cylindrical member 562 
toward the annular face 502 on the first cylindrical mem- 
ber 501. 

[0024] A key 150 that includes first and second legs 151 (only 
one is shown) is retained in cylindrical body 54 of hub 50 
as the legs 151 extend through slots 49 (only one is illus- 
trated) in cylindrical body 454, through slots 576 (only 
one is illustrated) in the second cylindrical member 562 
and groove 546 in the first plunger 532. The slots 49 in 
cylindrical body 54, slots 576 in the cylindrical member 
562 and groove 546 limit the axial movement of the first 
plunger 532 in axial bore 55 of the cylindrical body 54. 

[0025] A third spring 590 that is located in axial bore 55 has a 
first end located on shoulder 520 on retainer 514 and a 
second end located on push rod 33 for urging the first 
plunger 532 toward retainer 514. In the first mode of op- 
eration, return spring 240 acts on hub 50 and when key 
150 engages the rear shell 27, face 441 on the third land 



536 of the first plunger 532 engages key 150 to hold the 
first plunger 532 in a stationary position while the cylin- 
drical body 54 continues to move by way of slots 49 until 
the bottom of slots 49 engages key 150 at which time the 
second spring 586 will have moved the tapered atmo- 
spheric seat 570 into engagement face 502 on the first 
cylindrical member 501 such that the first chamber 26,26' 
is connected with second chamber 28,28". Thus, the at- 
mospheric seat 570 is resiliently retained on face 502 
while the force of the third spring 590 is selected such a 
gap may be present between face 502 on the first cylin- 
drical member 501 and the vacuum seat 62. 
[0026] A second plunger 601 which is part of solenoid 200 of the 
second input member 600 has a cylindrical body 603 
which is located in the axial bore 54 and loosely sur- 
rounds diameter 558 on the second shaft 550. The cylin- 
drical body 603 has a groove 604 on a first end for re- 
ceiving lip 574 on the second cylindrical member 562 to 
form a link that secures the second plunger 601 with the 
second cylindrical member 562. The cylindrical member 
603 has a face 602 adjacent a projection 604 on a second 
end that is parallel with a shoulder 45 in the axial bore 55 
of cylindrical body 54 of hub 50 that is designed to re- 



ceive an independent and separate reaction force from tlie 
reaction arrangement 400 assembly during a bral<e appli- 
cation under the control of the ECU 40. 

[0027] jhe coil of solenoid 200 is concentric to the cylindrical 
body 603 of the second plunger 601 is retained in axial 
bore 54 of the cylindrical body 54 of hub 50. The coil of 
solenoid 200 is connected to the ECU 40 and on receipt of 
an electrical input indicating a traction control event is 
desirable to control the vehicle operation, a force is pro- 
duced by the electric current attempting to center the 
cylindrical body 603 within the coil such that second 
cylindrical member 562 and atmospheric seat 570 corre- 
spondingly move away from face 502 on the first cylindri- 
cal member 501 such that after face 502 is seated on vac- 
uum seat 62 communication through passage 60 to the 
second chamber 28 is terminate and air to be communi- 
cated to the second chamber 28 through the second pas- 
sage to initiate the second mode of operation of the brake 
booster 12 in effecting a brake application. 

[0028] A switch 700 has a sensor 702 that is retained in the 

cylindrical body 54 of hub 50 and an exciter element 704 
attached to key 150. The sensor 702 is of a passive type 
such as a Hall effect, AMR or GMR device that is activated 



by a magnetic field coupling while the exciter element 704 
is a magnet. A change in a relationship between the sen- 
sor 702 and exciter element 704 defining a signal that is 
communicated to the ECU 40. During a first brake appli- 
cation resulting from a manual input being applied to the 
first plunger 532, the relationship between the sensor 702 
and exciter 704 does not have any effect in effecting a 
brake application. However, should the ECU 40 determine 
that a vehicle operation may be enhance through a second 
brake application when an electrical input is provided to 
solenoid 200 to operate the control valve assembly 100 
the sensor 702 is also activated. When the second plunger 
601 has moves the second cylindrical member 562 such 
that atmospheric seat 570 is away from face 502 and a 
pressure differential acts on wall 40 to move hub 50 on 
initial movement sensor 702 moves away from exciter 704 
to supply the ECU 40 with a signal indicating that a sec- 
ond brake application has been initiated. In this second 
brake application, key 150 remains against the rear of slot 
49 as the return spring 590 acts on input push rod 33 to 
hold the first plunger 532 against key 150 and as a result 
the first plunger 432 remains stationary with respect to 
the cylindrical body 54 and the relationship between the 



sensor 702 and exciter 704 remains constant during this 
second bral<e application. Tlie second bral<e application 
remains in effect and under the control of the ECU until 
sensor associated with measuring the operation of the ve- 
hicle indicate a safe operation may be achieved. Should an 
operator desire to effect a first brake application during 
this second brake application, a manual input applied to 
push rod 33 overcomes the force of spring 590 and 
moves face 537 on the land 536 into engagement with 
key 150 and thereafter moves key 150 in slot 49,49 to 
position exciter 704 adjacent sensor 702 to create a sec- 
ond signal that is communicated to the ECU 40 indicating 
an operator desires to take control of the braking of the 
vehicle. Once the ECU 40 receives this second signal, the 
electrical input to the coil of solenoid 200 is immediately 
terminated and the braking of the vehicle is under the 
control of the first input member as a function of the 
force applied to the input push rod 33. 
[0029] The development of a brake application corresponding to 
a desired input applied to brake pedal 28 occurs when a 
balance occurs between a reaction force created by a re- 
sistance of an output force transmitted by output member 
422 to pressurize fluid in the master cylinder matches the 



input force applied to tlie bralce pedal. The reaction force 
is communicated tlirougli reaction arrangement 400 and 
includes output member 422, reaction disc 224 and pins 
or shaft 404,404' that is located in cylindrical body 54 of 
hub 50, see Figure 3. Pins 404,404' each have a first end 
406 that engages face 602 on the second plunger 601 
and a second end 408, as best illustrated in Figure 2. The 
second end 408 has a semi-spherical face 410 that en- 
gages the reaction disc 224 and is urged by the spring 
force of spring 412 retained between shoulder 582 on the 
second cylindrical member 562 and shoulder 606 on the 
second plunger 601 of solenoid 200 into the reaction disc 
224. In addition to attenuating the creation of noise by 
components that may be loosely retained in a housing, 
force of the spring 412 moves the reaction pins 404,404' 
into the reaction disc 224 during the actuation of the con- 
trol valve 10 when under the control of the ECU. 
Mode of Operation 

[0030] The vacuum brake booster 12 for brake system 10 of Fig- 
ure 1 is illustrated in a position of rest. When an operator 
desires to effect a brake application and thereby reduce 
the speed or stop a vehicle, an input force is applied to 
brake pedal 28 that moves push rod assembly 30 in a lin- 



ear manner to move plunger member 532 and the control 
valve assembly 100 which may be activated by either a 
manual input develop an output force 101, see Figure 6, 
to effect a first brake application or may be activated by 
an electromagnetic force developed by solenoid 200 in 
response to a signal from ECU 40 to develop an output 
force 201, see Figure 6, to effect a second brake applica- 
tion. 

[0031] The first brake application of brake booster 12 is under 
the control of the operator and is in response to a manual 
input applied to brake pedal 28 which after the force of 
return spring 590 acts through input member 33 to move 
plunger 532 and activate the control valve assembly 100. 
The plunger 532 is moved such that shoulder 539 on the 
third land 540 of the first plunger 532 engages rib 582 on 
the second cylindrical body 562 to move atmospheric seat 
570 away from face 502 while at the same time spring 
522 moves face 502 against seat 62 to terminate commu- 
nication between chambers 26,26' and chambers 28,28' 
and thereafter allow air to enter into chamber 28,28' to 
create a corresponding pressure differential across wall 
40, as illustrated in Figure 4. The resulting pressure dif- 
ferential acts on wall 40 and an output force is carried 



through hub 50 by way of reaction disc 242 to act on out- 
put member 422 and move pistons in master cylinder 13 
to effect a brake application. Resistance to movement of 
the pistons in the master cylinder creates a reaction force 
that opposes the output force and as a result the reaction 
disc 242 is compressed between the hub 50 and face 421 
on the output member 422. Compression of the reaction 
disc 224 causes the reaction disc 224 to flow into the ax- 
ial bore 55 of the cylindrical body 54 and acts on end 551 
of the second shaft 550 and end 542 of the first shaft 536 
to oppose the input force applied to push rod 33, see Fig- 
ure 4. When the reaction force exceeds the input force, 
the reaction force moves the first plunger 532 such that 
the second spring 590 repositions the second cylindrical 
member 562 on atmospheric seat 570 on face 502 to ter- 
minate communication of air to the second chamber 28 to 
achieve a balance between the output force developed by 
the pressure differential and the input force applied to 
brake pedal 28. On termination of input force on push rod 
33 to treminate a brake application, spring 590 acts on 
push rod 33 and spring 586 holds the second the atmo- 
spheric seat 570 on cylindrical member 562 against face 
502 of the first cylindrical member 501 such that face 502 



may move away from vacuum seat 62 to allow the pres- 
sure in the rear chamber 28,28' to equalize with the pres- 
sure in chamber 26,26'. Thereafter, return spring 240 acts 
on the hub 50 to move the wall 40 toward the rear cham- 
ber 28,28' such that when key 150 engages the wall of the 
rear shell 27 and when face 539 on the third land 542 en- 
gages key 150 the movement the first plunger 532 stops 
while the cylindrical body 54 continues until the bottom of 
slot 49 engages key 150 to define the rest or first mode 
of operation for the vacuum booster 12 as illustrated in 
Figure 2. 

[0032] When the ECU 40 determines that a second brake applica- 
tion is desirable to maintain a desired operation of the ve- 
hicle, the ECU 40 sends an electrical signal activate the 
coil of solenoid 200 and to sensor 702 in switch 700. The 
electrical signal energized the coil in solenoid 200 to cen- 
ter the second plunger 601 with respect to the coil of 
solenoid 200. As the second plunger 601 moves toward 
the center of the coil, the pins 404 are moved such the 
ends 410 are moved into the reaction disc 224 to control 
the initial movement of the second plunger 601 and cor- 
respondingly cylindrical member 562 is moved by the en- 
gagement of shoulder 605 on groove 603 on cylindrical 



body 603 with lip 574 to move tlie atmosplieric seat 570 
is away from face 502 on tlie first cylindrical member 501 
such that air may enter the second chamber 28,28' and 
create a pressure differential across wall 40. The resis- 
tance to movement of ends 410 on pins 404,404' into re- 
action disc 224 results in gradual movement of the cylin- 
drical body 562 such that air enters the rear chamber 
28,28' in a manner such that a resulting pressure differ- 
ential for booster 12 is proportional to the movement of 
the second plunger 601, see Figure 5. The pressure dif- 
ferential acts on wall 40 and after overcoming return 
spring 240 moves hub 50 and sensor 702 away from ex- 
citer 704 that remains against the wall of the rear shell 27 
by way of the force of spring 590 acting on the first 
plunger 532. As with the brake application developed 
through a manual input force applied to input rod 33, the 
output force derived from the pressure differential under 
the control of the ECU 40, acts on the hub 50 and is car- 
ried through reaction disc 224 to move pistons in master 
cylinder 13 and pressurize fluid therein to effect a brake 
application. Resistance to movement of the pistons in the 
master cylinder creates a reaction force that opposes the 
output force and as a result the reaction disc 242 is com- 



pressed between the hub 50 and face 421 on the output 
member 422. Compression of the reaction disc 224 
causes the reaction disc 224 to act on the end 408 of 
shaft 404,404' and oppose the input force applied move 
plunger 601. When the reaction force exceeds the input 
force, the reaction force moves the plunger 601 such that 
the spring 586 acts on and repositions the second cylin- 
drical member 562 on atmospheric seat 570 on face 502 
to terminate communication of air to the second chamber 
28,28' to achieve a balance between the output force de- 
veloped by the pressure differential and the input force 
derived from the electromagnetic force of solenoid 200. 
[0033] During the development of a brake application under the 
control of the ECU 40, when sensor 702 that is fixed to 
the cylindrical body 54 moves away from exciter 704 a 
first signal is supplied to the ECU 40 indicating that a sec- 
ond brake application has been initiated as confirmed by 
the movement of wall 40. This relationship between the 
sensor 702 and exciter 74 remains constant and contin- 
ues during this second brake application that is under the 
control of the ECU 40 until sensor associated with mea- 
suring the operation of the vehicle indicate a safe opera- 
tion may be achieved. Should an operator desire to effect 



a first brake application of tlie veliicle during tliis second 
bral<e application, a manual input is applied to push rod 
33 and after overcoming the force of spring 590 and 
moves face 537 on the land 536 into engagement with 
key 150 to move key 150 in slot 49 and position exciter 
704 adjacent sensor 702 to create a second signal that is 
communicated to the ECU 40 indicating an operator de- 
sires to take control of the braking of the vehicle. Once 
the ECU 40 receives this second signal, the electrical input 
to the coil of the solenoid 200 is immediately terminated 
and the braking of the vehicle is under the control of the 
first input member as a function of the force applied to 
the input push rod 33. 
[0034] In brake booster 12 the reaction force derived from a 
manual input force is a function of the effective area of 
face 551 on end 556 on the second shaft 550 and the re- 
action force derived from an input force under the control 
of the ECU 40 is a function of the effective area of the end 
410 of pins or shafts 404,404'. While a reaction force 
generated through the resistance of pressurizing fluid in 
the master cylinder may be the same for both a manual 
input or an electromagnetic input, the use of a reaction 
force for each type of actuation is separate, distinct and 



not cumulative. The effective area of the end 410 of pins 
404,404' is about 1/10 the effective area of the face 551 
on end 556 of shaft 550 and as a result a force required 
to activate control valve 100 for each application is differ- 
ent and yet a similar result may be achieved as illustrated 
in Figure 6 for an output force as illustrated by trace 101 
for a manual input force or an output force as illustrated 
by trace 201 for an automatic brake application. 



